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Abstract 
 
The main purpose of this study is to investigate the most appropriate transportation by using the fuzzy logic when comparing the 
road, sea, rail, air and pipe transportation in terms of organizing the selection criteria for the type of transportation.  In terms of 
comparison, the speed, security, capacity, appropriateness as well as cost factors and transportation combinations were used. By 
blurring the transportation combinations, after organizing the mathematical equation, it was decided on which kind of 
transportation is the most appropriate by considering the speed, security, capacity, appropriateness and cost factors.  
When handling with the speed, security, capacity combinations in the comparison of the application and when dealing with the 
land-rail performance, 2,6388, speed, security, cost combination, when considering land-rail performance, 2,6388, capacity, cost 
and appropriateness combination, seaway transportation performance, 2,7369 and capacity, appropriateness, security 
combination, it was observed and seen that pipe line performance is the best transportation combination as 2,6389.  
It was decided that the combined transportation is the most effective when comparing with the speed, reliability and cost criteria 
of the combined transportation in accordance with the single transportation.   
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Introduction 
 
It is very important for transport planning to determine the type of transport that would provide the highest service 
quality with the minimum cost for a definite route, in modelling the demand for cargo transport.   The basic purpose 
of determining the type pf transport must be to make use of all types of transport in a balanced manner.  Every type 
of transport has its own superiorities and drawbacks in comparison to other types of transport besides the additional 
costs related thereto.  For that reason it is a must to determine the optimum balance point at which the costs and the 
service provided are traded off.  Variables such as cost, speed, reliability, traceability, safety and flexibility are very 
important in determining the type of transport to be chosen. 
 
The basic purpose of this study is to compare the road, sea, railway and pipe-line transportation with each other and 
investigate which of them is the suitable one, using the fuzzle logic … In the comparison transport combinations 
have been formed using the factors of speed, reliability, capacity, suitability and cost.  Transport combinations have 
been made fuzzle, their mathematical equations have been devised and then a comparison has been made in order to 
determine which type of transport is the most suitable one in terms of speed, reliability, capacity, and suitability and 
cost factors.  
 
øt has been concluded that combined transport is more effective compared to the single transport in terms of the 
criteria of speed, reliability and cost.  
 
1. Types of Transportation and Transport 
 
Transportation, in the narrow sense of the term, means the transport of an object (goods, products, cargo or 
commodities) from a place to another place. In the broader sense of the term, transportation means the delivery of 
the goods, which have been produced for the purpose of meeting the needs of the customer, to the regions and 
centres of destination.  
 
Road transport – is the most widespread and effective mode of transport used in short distances.  The criteria which   
determine the speed of transport  are the  mobility  and the speed of transport ,  provision of uninterrupted transport, 
the centers of the  supplier and the receiver being independent units  at sea and river ports without any  railways . 
However it is not profitable to use road transport in long distances and for the purpose of transporting cargo with a 
big size and volume. 
 
Airline transport is a reliable and rapid type of transport. It ensures the cargo to be transported rapidly within a 
period of one to seven days. However while it is the most effective type of transport it is also the most expensive 
one.  
Railway transport is the most different and complicated type of transport as far as cargo transport is concerned. This 
type of transport prerequires the issuance of many official documents and compliance with numerous    rules and 
laws.  However transport by container which is the most comfortable type of cargo transport is realized by means of 
railways.  
 
Standard dimensions, wide area of use and specifications of the containers are suitable for railway transport and 
ensure the secure transport of cargo.  
 
International sea transport is suitable to be used for the transport of big volume cargo and in cases where the length 
of transport is not of critical importance.   The basic  inclinations of the transport through  sea may be characterized 
as the increase of the means and capacity  of transport,  change in the understanding of operating the terminals and 
ports,  diversity in the logistical services  and professionality becoming  widespread , use of the communication  
technologies and integration  with other types of  transport .  
 
Pipe-line transport is used for the transport of such products as oil, natural gas and water. Pipeline transport the 
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investment cost of which is more expensive compared to road and sea transport is more rapid and economic and 
safer in comparison to other types of transport and recovers the investments in a short period of time .    
  
Combined mode of transport . In the present day any cargo is delivered to the point of destination  by  using 
different types of transport from the point of departure up to the point of  destination . For that reason the selection 
of the types of transport is of crucial importance   from the point of view  of delivering the goods to the place of 
destination in a short time and  in an  economic and secure manner .  In this context It has been  inevitable to use 
more than one type of transport in order to ensure the  delivery of the goods from the place of origin to the point of 
destination .  In the transport which is carried out by means of the integration of more than one type of transport and 
is becoming more and more widespread day by day , the concepts of  of multi-modal transport  and combined  
transport are the key words.  The  specialists  have adopted the principle that the combined transport which is carried 
out using  different means of transport must meet two conditions . The  first of these  conditions is that the transport  
must include at least two  of the means of transport like road transport vehicle , train, barge,  vessel  and   airplane  
while the second condition is that the cargo to be transported must be in the form of a unit cargo.  In deed multi-
modal transport is a general concept that  includes transport between different types of transport  as well as 
combined transport .  Combined transport  on the other hand is a special case of the transport between different 
types of transport . There are various phases  beginning from the sender up  to the receiver  in a   successful 
transport . Each of these phases have their own characteristics. The basic purpose of the combined transport is the 
realization of  all kinds of  in-house  transport and the transport among the enterprises in a rational manner   by 
forming a  chain of transport (CakÕcÕ, 1978). At the phase of the realization of combined transport, factors such as 
technology ,  organization, price policy and legal integration must be taken up  as a whole . Transport  activities 
must be carried out in a coordinated manner .  
 
2.Comparison  Of Types Of Transport  
 
Each type  of transport has its  own advantages and disadvantages . The selection of the type of  transport depends 
on the  type of the product and  the  needs and preferences  of the  sender and receiver.   The price of  transport, the 
final date of delivery  and  the specifications of the product  plays an important role   in  the selection of the type of 
transport .  
Factors  such as cost , speed ,  reliability , traceability,  safety and flexibility play an important role in determining 
the type of transport .  
 
Cost : Cost factor is  one of the  most importance parameters  on which the criteria  of selection of the  type of 
transport is based. The cost factors in the  transportation business are as follows:  
 
Cost of national  and international shipment 
 
Cost of equipment   
 
Distance of transport , tools and maintenance expenses  
 
Factors  related to the goods (density,  stowing, ease  or   difficulty of use ,  responsibility , insurance  
 
Market  related factors (degree of competition; number of the companies that  produce and receive service ) 
demand- supply balance ,  domestic or international transport , regulations related to the countries 
 
Store and warehouse expenses  
 
Customs and port  expenses  
Packaging  expenses 
 
Communication costs (management of orders , invoicing,  expenses for information systems ,  expenses for material 
handling)  
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Management costs  
 
Speed: Another variable that serves as a criterion for the selection of the type of transport is speed.   The criterion of 
speed in transport depends on the length of time within which the receiver of the goods to be transported wants the 
goods to be supplied. The parameters which effect the variable of speed are as follows:  
 
The time / distance ratio of transport (for example the length of time required to cover a distance of 500 km)  
The length of time spent at the terminals, borders and intermediate points  
 
The length of time spent in points of destination and for discharging  
 
Reliability: Another important factor in the selection of the type of transport is reliability. Following factors shall be 
evaluated and interpreted for the selection of the type of transport. 
 
* Stable deliveries made in compliance with the tariff 
* The Ratio of delays in delivery to the tariff 
* The ratio of the damaged goods to the total amount of goods  
* The ratio of lost goods to the total value of goods  
* Responsibility shown towards the customer in case of a delay  
 
Traceability. Another parameter that has an effect on the selection of the type of transport is traceability.  Since the 
sector of cargo transport, as an important chain of the supply process produces a service which is an abstract 
product,  one of its most important dimensions is the flow of information that it shall provide to  the  customers :  
 
For that reason:  
It must be possible to monitor all the   factors which are a part of the transport process easily  
Information must be available about the point at which the cargo and the vehicle is located at a definite point of 
time.  
Means such as computer and communication Technologies, internet, EDI, mobile communication, (GSM) , vehicle 
monitoring systems (GPS) , barcodes, labels and marking systems  provide help in this regard .      
 
Safety / Security : another important  parameter  for the selection of the type of transport is security . The following 
factors must be  taken into consideration in order to ensure the security of the type of transport :  
Number and causes of the accidents  
Value of the lost or damaged goods  
Length  of delays and losses  
Flexibility  
 
In selecting the type of transport it is important to be able to create different solutions when a potential problem  or a 
force majeure  has arisen . The type of transport to be selected must be flexible enough to ensure the following 
conditions:  
The ability to divert the routes when a problem has arisen  
 
The flexibility to be ready against the modifications which are not present in the tariffs of one’s own country or the 
country of destination  
 
Table 1: Comparison of the types of transport according to their  specifications 
Transport  Cost  Transport 
Speed  
Number of the 
regions to 
which service 
is provided 
The skill to 
use various 
goods  
Frequently of 
the scheduled 
loadings  
Reliability of 
the 
application  of 
the tariffs  
 
Road High  Rapid  Very wide  High  High  High   
Seaway Very low  Slow  Limited  Very low  Middle   
Airline  Very high  Very rapid  Wide  High  High    
Railway  Low  Slow  Limited Low  High    
River road  Low  Slow  Limited  Low  Middle    
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( )
Pipeline  Low  Slow  Very limited Middle  High    
        
 
Source: Erdal – CancÕ - 2003 
 
 
In the road transport, the transportation of the goods has a flexible structure .It is preferred to realize the 
transportation in a rapid manner.  It has a widespread network of transport. It is possible to transport the goods in the 
form of small or large cargos depending on their size. Costs may differ since packaging costs may vary and there 
may be some other additional cost factors.  
 
Although sea transport is the slowest type of transport for the shipment of goods it is suitable for the transport of 
large volume goods. However it is underused as a result of the insufficiency of the ports: Airline transport is useful 
in the transport of small volume goods because we don't have the equipment required for the transport of large 
volume goods.   Airline transport is an especially reliable means of transport for the shipment of easily degradable 
products to long distances. It is the most expensive type of transport.  
 
Railway transport could not develop very much due to the high cost of the related infrastructure. For that reason its 
field of use is limited. Its speed is slow but secure. The areas of use of the river and pipeline transport is   limited 
despite the fact that they are suitable in terms of cost.  
 
The determination of the type of transport (road, air, sea, railway or pipeline) depends on various criteria the most 
important of which are the following:  
 
*All costs including transport, transport terminals, storage, customs clearance, distribution, packaging etc. )  
*The length of the transport between the places stated in the contract or the speed of delivery  
*Security of transport  
*Number and diversity of the places to which service is provided  
*Suitability of the cargo to be transported to the type of transport   
*Value, volume, weight and size of the goods  
*Control of the economic life   of the goods and their suitability to the climate conditions  
* Resistibility of the goods against damages  
*The frequency of the regular cruises  
 
3. Fuzzy Logic 
 
Almost all the incidents that human beings encounter in the world are complicated. This   complexity is generally 
due to uncertainty and the failure to have a definite idea and give a definite decision. As different from the logic of 
Aristo used by the computers, human beings have the capability to carry out transactions using the data and 
information which are approximate and ambiguous in nature (ùen, 2004: 7).  The concept of fuzzle logic is the 
system of logic which corresponds to the ability of human beings to think with uncertain expressions. 
 
The concept of fuzzy logic versions has first been introduced by L:A.Zadeh  from  California Berkeley University 
with the  publication of the first essays on the subject in the year 1965. The concept of fuzzy logic the importance of 
which has increased from that day onwards up today.   May be defined as a mathematical order which has been 
established for the expression of uncertainties and working with uncertainties. 
 
As  is well known statistical and  probability theory do not deal with uncertainties  but rather with certainties but the 
environment in which human beings  live  are rather  full of uncertainties. For that reason one must work with 
uncertainties in order to comprehend the capability of human beings to make inferences. 
 
The approach of fuzzy logic gives the machines the capability to process the private data of human beings and 
function   making use of their experiences and intuitions. Numerical expressions are used instead of numerical 
expressions in giving this capability. And this transfer of the symbolic expressions to the machines is based on a 
mathematical foundation. This mathematical foundation is the theory of fuzzy clusters (Elmas, 2003, 25). 
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The concept of cluster may sound a little bit mathematical but it is easy to understand. For example if we examine 
the concept of middle age we see that the limits of this concept varies from person to person.  This concept cannot 
be easily formulated in mathematical terms since there are no definite limits.  However the age interval between 35 
and 55 may be generally be said to be the limits of middle-age. When we want to express this concept graphically 
we obtain a curve. This curve is called the curve of belonging and it shows the   weight of the values in the concept.  
Zadeh has proposed to use the real numbers in the interval of (0,0, 1,0) in order to show the   membership degrees of 
fuzzle cluster elements  (Zadeh, 1965 338-353).   
 
There are many benefits to be obtained from the fuzzle logic in practice. Fuzzle logic may be easily understood 
because its background theories are simple. It may model flexible but uncertain data, situations of uncertainty and 
probability and complex and non—linear functions and enhances the ability of the specialized systems. Furthermore 
fuzzle logic is natural and consequently makes modelling possible through the colloquial language (Baykal and 
Beyan, 2004, 39-41).  
 
The fields of application of fuzzle logic is very wide.  The greatest benefit that it provides is the ability to model 
learning easily using the experience peculiar to human beings and the possibility to express even the ambiguous 
terms in mathematical terms. For that reason it is especially suitable to make an approach to the non-linear systems.    
Fuzzle logic helps the engineers for developing the systems which can decide by its own means, though,   difficultly, 
how to define the criteria which are to be used to determine how the concepts like “warm” or “the air is polluted” 
shall be used and programmed and the speed with which they shall be transferred from one phase over to the other.  
(Kasko and Bart, 1993:165).  
 
3.1 Fuzzle Numbers   
The   quantitative meaningful membership functions of the fuzzle clusters may be regarded as fuzzle numbers or 
fuzzle interval. Fuzzle numbers must seize the intuitional concepts of the approximate numbers  or intervals as in the 
example of the “ numbers which are approximate to the given real numbers “ or “the numbers which are  around a 
given  range of real numbers“ in order  us to consider fuzzle logic numbers in this way. As a result of this, they play 
an important role in many applications as the fuzzle control, decision-making, approximate reasoning, optimization 
and statistics with fuzzle probability. 
 
 
 
4.  Blurring of the Criteria of the Selection of the Type of Transport  
 
Each type of transport has its own advantages and disadvantages.  The selection of the type of transport depends on 
the needs and preferences of the sender and the receiver.  Price of transport, the final date of delivery and product 
specifications play an important role in the selection of the type of transport.  
 
In the road transport the transportation of the goods has a flexible structure. It is prefered to complete the transport 
process in a rapid manner. Road transport system has a wide network. It is possible to carry the goods in small or 
large batches depending on the specifications of the goods. Cost of transport may vary from case to case taking into 
consideration such variable cost factors as packaging and other additional costs factors.    
  
Although sea transport is the slowest type of transport for the shipment of goods it is suitable for the transport of 
large volume goods. However it is underused as a result of the insufficiency of the ports: Airline transport is useful 
in the transport of small volume goods because we don't have the equipment required for the transport of large 
volume goods.   Airline transport is an especially reliable means of transport for the shipment of easily degradable 
products to long distances. It is the most expensive type of transport.  
 
Railway transport could not develope very much due to the high cost of the related infrastructure. For that reason its 
field of use is limited. Its speed is slow but secure. The areas of use of the river and pipeline transport is   limited 
despite the fact that they are suitable in terms of cost.  
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It takes a long time to use a single mode of transport from the moment of shipment by the sender up to the delivery 
to the receiver.  The length of time required is even longer as far as sea transport is concerned. However it is out of 
the question to encounter such a situation in the combined transport. When we have a look at the facts from the point 
of view of costs, we see that the single mode of transport may cause additional costs. Combined transport shall be a 
good choice as far as the goods are   carried partially. The risk is concentrated at one point in the single type 
transport while the risks are shared in combined transport since not only one means of transport is used:   Insurance 
expenses are also reduced in this way. It is not always possible to use the single type of transport due to the 
geographical conditions and the differences in the physical structures of the means of transport.  Combined transport 
eliminates this problem.  Losses and damages are reduced in the combined transport by using the suitable containers 
and vehicles. It is not sufficient to choose only sea or railway for transport. It shall be inevitable to use road 
transport and other types of transport. Combined transport shall be realized in this way. It is possible to increase the 
differences between the different modes of transport. When we have a general look, the choice of combined 
transport shall bring in great advantages both for the country and the company. When we compare the types of 
transport in terms of speed, reliability, capacity, suitability and cost and   give them scores expressed as “low, 
middle, high and the highest” we obtain the following tables:  
 
Table 2: The verbal variables of the criteria 
Type of transport  Speed  Reliability  Capacity  Suitability  Cost  
Railway  Middle  Low  High  High  Middle 
Seaway  Low Lowest  Highest  Low Lowest  
Road  High  Hig Middle Highest  High  
Airline  Highest  Middle Low  Middle  Highest  
Pipeline  Lowest  Highest  Lowest  Lowest  Low 
   
The transformation of verbal variables to fuzzle triangular numbers  
 
Table 3: The fuzzle numbers of the criteria of single transport type (1: highest, 5:lowest) 
  
Type of transport  Speed  Reliability  Capacity  Suitability Cost  
Railway  3 4 2 2 3 
Seaway  4 5 1 4 5 
Road  2 2 3 1 2 
Airline  1 3 4 3 1 
Pipeline  5 1 5 5 4 
 
Table 4 Fuzzle numbers of the criteria of multiple type of transport  
 
Type of transport  Speed Reliability  Capacity  Suitability Cost  
Road-iron  2.5 3 2.5 1.5 2.5 
Road-sea 3 3.5 2 2.5 3.5 
Railway – sea way  3.5 4.5 1.5 3. 4 
Road-Railway –sea 
way  
3 3.6 2. 2.3 3.3 
 
The scores have been calculated taking the averages of the criteria. Fuzzle logic mechanical has been used to find 
the type of transport in which the criteria are more effective and   FUZZYTECH program has been used to in order 
to determine the selection of which criterion as a basis to  determine the type of  transport would be  more suitable 
and  cost-effective. 
 
The membership functions of the  criteria for the selection of the type of transport   have been found using the 
triangular fuzzle numbers These functions are  written in their places in the fuzzytech program  The  weighted rates 
of  each criterion are  taken  as equal to each other . The degree of the effectivity of the rules are calculated by 
setting up  the rule bases of these criteria The  performance of the criteria are calculated by entering their fuzzle 
values . 
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Figure  5:  Blurring  of the criteria  
 Reliability  Speed Capacity  Performance  
1 Highest Highest Highest  Highest  
2 Highest Highest High  Highest  
3 Highest Highest High  High  
4 Highest Highest High  Low  
5 Highest Highest Middle  High  
6 Highest Highest Middle  Low  
7 Highest Highest Middle  Lowest  
8 Highest Highest Low  Highest  
9 Highest Highest Low  High  
10 Highest Highest Low  Middle  
11 Highest Highest Low  Low  
12 Highest Highest Low  Low   
13 Highest Highest Low  highest   
14 Highest Highest Lowest  High  
15 Highest Highest Lowest  Middle   
16 Highest Highest Lowest  Middle  
17 Highest Highest Lowest  Low 
18 Highest Highest Lowest  Lowest 
19 Highest Highest Highest  Highest  
20  Highest Highest Highest  High  
21 Highest   Highest   Highest   Middle   
 
Table 6. Transportation costs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 7. Comparison of the costs of the companies 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion  
 
For the purpose of working out the criteria for this selection of the type of transport sea, railway, airline and pipeline 
transport have been taken up and compared with each other. In this comparison transport combinations have been 
formed    on the basis of the factors of speed, reliability, capacity, suitability and cost using the method of fuzzle 
logic.  After  the blurring of transportation combinations and obtaining the mathematical  equations a comparison 
has been made in order to determine  the type of transport which is  the most effective one in terms of speed , 
reliability , capacity , suitability and cost factors .  
 
When the comparisons have been taken up as a combination of speed , reliability  and  capacity, the performance of 
Middle   Middle   
Middle   Middle   
Middle   Middle   
Middle   Middle   
Middle   Middle   
Middle   Middle   
FøRMALAR KRøTERLER BULANIK SONUÇ 
A1 2.909 
A2 3.089 
A3 3.124 
A4 3.028 
A5 2.770 
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road – railway transport has been found to  be the most suitable combination  with 2,6388 points;   When the 
comparisons have been taken up as a combination of speed , reliability  and  cost , the performance of road – railway 
transport has been found to  be the most suitable combination  with 2,6388 points; When the comparisons have been 
taken up as a combination of  capacity, cost and suitability  the performance sea transport has been found to  be the 
most suitable combination  with 2,7369 points; when the comparisons have been taken up as a combination of 
capacity , suitability and reliability, the performance  of pipeline  transport has been found to  be the most suitable 
combination  with 2,6389 points . 
 
It has been concluded that the combined transport is more effective in terms of the criteria of speed, reliability and 
cost than the single-type transport.  
 
It has  further been concluded that the costs would be lower if the  length of the transportation line and occupancy 
rates were high . Another conclusion was that road transport has a lower cost in short distances according to the 
length of the line and occupancy rate. Another conclusion was that the cost of transport was at a lower level as the 
rate of the sea transport  within the length of the transport line increases . 
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